A novel Gram-stain-positive, irregularly rod-shaped actinomycete, designated strain 002-2 T , was isolated from sand beach sediment collected from the Taean seashore, Republic of Korea. Cells were aerobic, oxidase-negative and catalase-positive. Colonies of cells were bright yellow, circular, smooth and convex. The diagnostic diamino acid in the cell wall was LLdiaminopimelic acid. The predominant menaquinone was ) is considered to represent a novel species of the genus Nocardioides, for which the name Nocardioides litoris sp. nov. is proposed.
The genus Nocardioides was proposed by Prauser [1] with Nocardioides albus as the type species. It belongs to the family Nocardioidaceae within the suborder Propionibacterineae [2] . Members of the genus Nocardioides are characterized as being Gram-positive and non-acid-fast, catalase-positive, aerobic and mesophilic nocardioform actinomycetes that are coccus to rod shaped. Major chemotaxonomic features of the genus Nocardioides are the presence of MK-8(H 4 ) as the major respiratory quinone and LL-diaminopimelic acid is the diagnostic diamino acid of the peptidoglycan. The fatty acid profiles are composed of both branched-and straight-chain fatty acids, and iso-C 16 : 0 is the dominant fatty acid [3, 4] . At the time of writing, the genus Nocardioides comprises more than 70 species with validly published names (http://www.bacterio.net/nocardioides.html). Many of the species have been isolated from a range of environments such as soils, sand, water, herbage, polluted environments, halophyte, plant material, glacier cryoconite and catacombs. Some species were isolated from marine sediments [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . The aim of this study was to describe the classification and identification of a novel, Gram-stain-positive, irregularly rod-shaped actinobacterium, designated strain 002-2 T , which was isolated from marine sediment using a polyphasic taxonomic approach.
Strain 002-2 T was isolated from beach sand-soil collected from the seashore of the yellow sea in Sindu-ri beach, Republic of Korea (35 59¢ N, 126 36¢ E), during March 2016. Sand-soil samples (1g) were suspended in 10 ml distilled water. Aliquots of serial dilutions were spread onto starch-casein agar ( (at intervals 1 pH unit), respectively. The pH of the medium was adjusted before sterilization using 10 mM MES (pH 4.1-6.1) or 10 mM Trizma (pH 7.1-12.1) as biological buffers and confirmed with pH paper after sterilization. NaCl tolerance was tested on ISP2 medium supplemented with 1-9 % (w/v) NaCl. Gram staining, oxidase and catalase activities and degradation ability were determined using methods as previously described [7] . Other physiological and biochemical properties were tested using API 20NE and API ZYM kits (bioM erieux), according to the recommendations of the manufacturer's. The ability to use a variety of substrates as sole carbon sources was tested using GP2 microplates of the Microlog system (Biolog), containing 95 substrates. Cells were grown for 3 days at 28 C on MA and suspended in 2 % (w/v) sea salt solution (Sigma). Aliquots (150 µl) of the suspension were transferred to each well and the plates were incubated for 48 h at 28 C. Reduction of tetrazolium dye was determined by measuring absorbance at 595 nm using a microplate reader.
Colony morphology and pigmentation of cells were observed and recorded after 5 days of incubation at 28 C. Cell morphology and motility were observed by using phase-contrast and TEM, with cells used for examination of properties of colonies. For electron microscopy, cells that were stained with 1 % (w/v) phosphotungstic acid were observed with a TEM (JEM-1010; JEOL).
Cells of strain 002-2
T were aerobic, Gram-stain-positive, non-motile and irregularly rod-shaped (0.4-0.5Â1.9-2.0 µm) (Fig. S1 , available in the online Supplementary Material). Colonies were bright yellow, circular, convex and with entire margins and reached 1.0-1.5 mm in diameter after incubation for 5 days. Data for the other physiological and biochemical characteristics are given in Table 1 and the species description.
Genomic DNA extractionm and amplification of the 16S rRNA gene and its sequencing were performed as described by Lee and Lee [7] . Multiple alignments of sequences were performed using CLUSTAL_X [16] . Phylogenetic analyses were performed by using the neighbour-joining [17] , maximumlikelihood [18] and maximum parsimony [19] algorithms. A phylogenetic tree was reconstructed by using the neighbour-joining method using the evolutionary distance matrix generated by the model of Jukes and Cantor [20] . The tree topology was assessed by performing bootstrap analysis with 1000 replicated neighbour-joining datasets [21] . An almost-complete 16S rRNA gene sequence (1446 nt) of strain 002-2 T determined in this study was compared with those of representatives from the family Nocardioidaceae. The 16S rRNA gene tree ( Fig. 1) revealed that strain 002-2 T belongs to the genus Nocardioides and formed a cluster with Norcardioidaceae rubroscoriae Sco-A25 T (98.1 % sequence similarity), Nocardioidaceae plantarum NCIMB 12834 T (97.6 %) and Norcardioidaceae ginsengagri BX-10 T (97.4 %) as supported by an 87 % bootstrap value. 16S rRNA gene sequence similarities between strain 002-2 T and the other members of the genus Nocardioides were less than 96.7 %.
Chemotaxonomic characteristics were investigated as described by Lee and Lee [7] , with cell biomass obtained from cultures grown in YMG broth (0.4 % yeast extract, 1.0 % malt extract and 0.4 % glucose, pH 7.2) for 5 days at 28 C. The isomer of diaminopimelic acid (DAP) in the cell wall [22] , respiratory quinones [23, 24] , polar lipids [25] and DNA G+C content [26] were determined. For fatty acid analysis, strain 002-2 T and the three type strains of N. ginsengagri, N. rubroscoriae and N. plantarum were grown on ISP2 medium for 5 days at 28 C. Cellular fatty acid methyl esters were prepared and analysed according to the standard protocol of the Microbial Identification System (version 6; MIDI).
Strain 002-2 T contained LL-DAP as the diagnostic diamino acid in the cell-wall peptidoglycan. The predominant menaquinone was MK-8(H 4 ). The polar lipids comprised diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, an unknown phospholipid and two unknown amino phospholipids (Fig. S2) . The presence of phosphatidylethanolamine in the extract of strain 002-2 T separated these strains from the type strains of N. ginsengagri, N. rubroscoriae and N. plantarum, which all lack this component from their polar lipid profiles. The DNA G+C content of strain 002-2 T was 68.8 mol%. The fatty acid profile of strain 002-2 T was characterized by large amounts of saturated and unsaturated fatty acids. The predominant fatty acids (>10 % of the total) were iso-C 16 : 0 and C 17 : 1 !8c, while it could be clearly distinguished from N. rubroscoriae and N. plantarum, due to their relative amounts of major components (C 16 : 0 , iso-C 16 : 0 and C 18 : 1 !9c, and C 17 : 1 !6c) in the type strains, respectively. The cellular fatty acid profile of strain 002-2 T and the three type strains of the genus Nocardioides are available in Table S1. DNA-DNA relatedness studies between strain 002-2 T and its closest phylogenetic neighbours were not carried out because the 16S rRNA gene sequence similarities were <98.1 %. The 16S rRNA similarity values were lower than the 99.0 % cut-off point recommended for mandatory DNA-DNA relatedness studies for members of Actinobacteria [27] . Also, Kim et al. [28] recently recommended a threshold of 98.65 %. Differential characteristics between strain 002-2 T and the type strains of the genus Nocardioides are given in Table 1 .
On the basis of phenotypic features and phylogenetic data, strain 002-2 T is considered to represent a novel species of the genus Nocardioides, for which the names Nocardioides litoris sp. nov. is proposed.
DESCRIPTION OF NOCARDIOIDES LITORIS SP. NOV.
Nocardioides litoris (li.to¢ris. L. gen. n. litoris, of the seashore, of a coast).
Cells are aerobic, Gram-stain-positive, oxidase-negative, catalase-positive, non-motile and irregularly rod-shaped (0.4-0.5Â1.9-2.0 µm). Colonies are bright yellow, circular, convex with entire margins, and reach 1.0-1.5 mm in diameter after 5 days of incubation. Growth is observed at pH 5.1-9.1 (optimum at pH 7.1-8.1), C (optimum at 28 C) and 0-2 % (w/v) NaCl (optimum at 0 % NaCl). Casein and gelatin are hydrolyzed but, CM-Cellulose, DNA, hypoxanthine, starch, tyrosine and xanthine are not hydrolyzed. Positive for alkaline phosphatase, acid phosphatase, esterase (C4), esterase lipase (C8), a-glucosidase, leucine arylamidase and naphtol-AS-BI-phosphohydrolase, but N-acetyl-b-glucosaminidase, a-chymotrypsin, crystine arylamidase, a-fucosidase, a-galactosidase, bgalactosidase, b-glucosidase, b-glucuronidase, lipase (C14), a-mannosidase, trypsin and valine arylamidase are negative (API ZYM). b-Cyclodextrin, dextrin, inulin, mannan, [31] ; present study). Enzyme activities for esterase lipase (C8), leucine arylamidase and acid phosphatase were positive in all of the strains, but a-chymotrypsin, b-glucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase were negative (API ZYM). They showed negative results for nitrate reduction, indole production or glucose fermentation (API 20NE). All of the strains utilized D-glucose and D-sorbitol as the sole carbon source, but not D-galactose, maltose, melibiose D-ribose, salicin, xylitol or succinic acid. DPG, diphosphatidylglycerol; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; PI, phosphatidylinositol; APL, unknown amino phospholipid; PL, unknown phospholipid; L, unknown lipid. +, Positive; À, negative; W, weakly positive. The type strain 002-2 T (=KCTC 39838 T =DSM 103718 T ) was isolated from a beach sand-soil collected from the seashore of the yellow sea in Sindu-ri beach, Republic of Korea. The DNA G+C content of the type strain is 68.8 mol%. 
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